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Introduction
Data from Military Academies and combat army units show that intense physical exercise, either during basic combat or advanced military training, is a key contributing factor to a range of musculoskeletal injuries.
Numerous studies have reported that military trainees are exposed to an increased risk of injury ranging from 14%-42% for males and 27%-62%% for females compared to their civilian counterparts [1, 2] . For instance, a recent study investigating injuries suffered by recruits during a 7-week Basic Combat Training (BCT) reported an injury rate of 28.3% for male recruits [3] . A different study conducted in Denmark [4] reported an injury incidence of 28% for a 12-week BCT whereas, another European study (United Kingdom) showed 16% of recruits (Marines) suffering a training related injury during a 32-week training course [5] . Low levels of muscular endurance [2] and neuromuscular coordination [6] are factors that likely tend to increase the risk of injury, and as the physical capabilities usually improve towards the end of the basic combat training, injury prevalence decreases too. It seems that the body needs a period of gradual adaptation to BCT conditions in order for the musculoskeletal system to develop the necessary protective mechanisms against the demanding training loading introduced abruptly by military training practices. However, such mechanisms and capabilities are not in place during the early stages of BCT, hence the high injury rates during that period experienced by military personnel [7] .
An examination of the relevant literature [8] reveals that risk factors for training-related injuries in various military populations in the United States are either extrinsic or intrinsic or a combination of both.
Extrinsic risk factors are those related to the surrounding training environment or to the characteristics of the actual activities, whereas intrinsic factors are directly related to the individual. In particular, extrinsic risk factors among others include length of running distance [9] and weather conditions [10, 11] whereas typical intrinsic risk factors include gender [1, 2, 12] , age [2, 3, 13] , levels of physical activity [14, 15] , cigarette smoking [2, 16] flexibility [2, 14] and strength levels [17] . Most of the studies mentioned above, suggest that musculoskeletal injuries in military training populations result from multiple causes and are associated with a variety of risk factors acting together in a cumulative manner. Obviously these factors are not pertinent only to military populations but also to athletic populations [18, 19] . Therefore, any investigation of the origin and manipulation of such factors has also applications to non-military populations.
Nevertheless, if there was a reliable diagnostic tool based on body composition data that could help the identification of trainees at high risk of suffering a musculoskeletal injury, prevention of such injuries would be more effective as interventions would target the necessary subpopulations. The present article examines various 3 body composition indices based on anthropometric measures (body mass, height) and body fat percentage as intrinsic factors of the most common injuries occurring during military training. As a result, the purpose of the present study was to investigate the prognostic potential of these body composition indices in relation to musculoskeletal injuries as well the identification of the associated thresholds in a military population.
Therefore, the research hypothesis of the present study was that various body composition indices would provide a useful prognostic tool in detecting risk of musculoskeletal injury in military populations.
Materials and methods

Subjects
Two hundred and sixty eight (268) healthy male recruits volunteered to participate after signing an informed consent form. Their mean values ± SD for age, body mass and body height were 20.4±1.7 years, 79.3±9.8 kg and 177.7±6.1 cm respectively. They were monitored through an initial period of BCT which involved seven weeks of highly standardised physical conditioning program (n=132 hours), mandatory for all recruits. Each training day comprised two running (intense and low pace) and callisthenics (pull ups, sit ups, push ups leg hops) sessions and one marching-military activity session. Sprint-agility exercises and non-tactical hikes were also performed once a week. All exercises were performed in cadence and complete in the sequence mentioned.
Registration of injuries
Every injury for which a recruit had to consult a physician (unit medical officers and conscripted physicians) was registered, documented and classified based on the International Classification of Diseases-Ninth Revision (ICD-9) terminology [20] . Only musculoskeletal injuries (muscle, tendon, bone, joint, or ligament injury) were recorded and used to calculate injury prevalence. The severity of each injury was classified into four grades:
Grade 1= attending BCT with pain possible or minor restrictions in activity, grade 2= absence from specific BCT activities, grade 3= absence from all BCT activities and grade 4 = hospital admission.
Body composition and anthropometric measurements
Body fat percentage (BFP) was assessed using skinfold measurements from bicep, tricep, subscapular and suprailiac anatomical sites according to Durnin and Womersley's method [21] . All sites were marked according to anthropometry guidelines previously described (Heyward, 2004) . The measurements were conducted by three 4 experienced investigators (more than 100 measures per year) using skinfold calipers (Harpenden, British Indicators, West Sussex, UK). All measurements were collected on the recruit's right side using a rotation pattern through measurement sites in order to allow time for skin and underlying fat to regain normal thickness.
Duplicate measurements were taken at each site and if the second measurement differed more than 5% from the first, a third was taken and the median was recorded as the final value. Additionally, 15 recruits took part in a series of reliability trials (which performed thrice within the same day by the same investigator) in order to assess the variability of body fat measurements. These demonstrated very good test-retest reliability over the duration of the study with intraclass correlation coefficients ranging from 0.90 to 0.94.
Body mass and height were measured to the nearest 0.1 kg and 0.5 cm respectively, using a balance beam scale 
Data analysis
Means and standard deviations of continuous variables were calculated. The accuracy of body composition measures (BMI, BFP, FMI, and FFMI) to discriminate injured from non-injured participants was evaluated using
Receiver Operating Characteristic (ROC) curve analysis. The ROC curve is a plot of the sensitivity (proportion of positives that are correctly identified as such) versus specificity (proportion of negatives that are correctly identified as such) at various cut-off points. A comparison of the area under the curves (AUC) among composition measures was also used to assess their overall performance as prognostic tools of musculoskeletal injuries. The cut-off point for each composition measure was defined as the co-ordinate that had the closest value to 1 for the difference between sensitivity and specificity values. P was based on two-tailed tests and P<0.05 was 5 considered significant. All statistical analyses were conducted using MedCalc software, version 12.4.0, (MedCalc, Ostend, Belgium).
Results
Out of 268 recruits, 86 (32%) suffered from musculoskeletal injuries. illustrates the ROC curve for BFP, which presented the highest AUC of 0.63.
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The diagnostic accuracy of the cut-off points for identifying recruits at risk of injury by all measures, except BMI was higher than what would be expected by chance (AUC >0.5; Table 2 ). When comparing the differences between AUC values, BMI showed significant differences compared to the rest of the indices (Table 3) . 
Discussion
The purpose of the present study was twofold: firstly, to examine whether various body composition measures could discriminate between healthy and injured status in young male recruits using ROC analysis; secondly, to identify the cut-off points for these body composition measures. Our overall research hypothesis was that various body composition indices would provide a useful prognostic tool in detecting risk of musculoskeletal injury in military populations. The need for the study was based on the fact that the incidence of musculoskeletal injuries during basic combat training across a range of military populations internationally remains high, something which has a number of functional implications for armed forces. Regarding the first objective, the present ROC analysis showed acceptable AUC and 95% confidence interval limits, suggesting the resultant thresholds were not due to chance (all AUC >0.5) and effectively distinguished between healthy and injured recruits based on BFP, FMI, FFM but not on BMI measures. We found no previous studies on military or civilian adults that reported sensitivity, specificity and predictive values for theses indices as measures of injury occurrence. Our findings provide military professionals with new knowledge on the utilisation of a range of body composition measures in order to identify army recruits who are at a higher risk of sustaining a musculoskeletal injury during basic combat training.
In relation to BMI as a risk factor for military injuries, from a broader perspective it is noted that some previous military studies have considered it as intrinsic factor for injuries [23] [24] [25] [26] whereas other investigators [27, 28] do not support the inclusion of BMI in a list with risk factors for injury prevalence. A possible explanation for the latter could be the nature of BCT in some armies (e.g. British Army or Australian Air Force)
where smaller and lighter recruits utilise a higher percentage of their aerobic capacity to carry a range of absolute loads, compared to their larger-taller counterparts. This increases the aerobic demands and physical strain on them during the most strenuous periods of training (e.g., marching with or carrying loads), thereby increases their risk of injury [27] . In contrast, in other settings such as in the Hellenic Army Academy, the BCT rarely includes tasks where loads need to be carried or lifted to a certain distance, but mainly involves high running volume and callisthenics. Nonetheless, the present data clearly show that BMI is not considered as an accurate diagnostic tool with regard to identification of military recruits who are at risk of musculoskeletal injury during the early stages of their BCT.
Regarding BFP measures, the present data are in accordance with the ones reported by Jones et al. [1] and Blacker et al. [27] who also showed significant prognostic ability for BFP measured using skinfolds as well as with others [3] using bioelectrical impedance and circumferences [29, 30] . In contrast, other investigators [23, 24] who measured BFP using Dual Energy X-ray Absorptiometry (DEXA) showed that this body composition measure was not a significant risk factor for injury occurrence. Therefore, the measurement method of BFP related indices could play an important role to the ability of identifying a prognostic value in the BFP measures.
Interestingly, when repeated BFP measurements were performed in military populations, some researchers showed poor sensitivity of skinfolds for assessing BFP through time [31] whilst others, [32, 33] showed greater accuracy compared to other methods (single and multiple bioelectrical impedance) and a close agreement with DEXA measurements, which are considered the gold standard. It is noteworthy that BFP values reported from the present study measured via skinfolds were almost identical to those reported by investigators who used that method and similar military sample groups [27] . Future studies should assess the relationship between injuries and body fat levels using various methods of BFP determinations including bioelectrical impedance which is popular among military populations due to its simple measurement protocol.
To our knowledge this is the first study that investigated the use of FMI and FFMI measures for prognosis of injuries in military groups. The present FMI values for injured recruits were lower compared to those reported in other studies [34] [35] [36] where sample groups characterized by similar age. In contrast, the current FFMI values were higher than those in other studies [35, 36] . The present study also showed that significant differences existed between AUC and each of the body composition measure, which indicates that their overall diagnostic performance was not the same. A plausible explanation for these differences could have been the unsuitability of BMI to distinguish between fat and fat free mass [37] and its limitations when applied to military populations [38, 39] . These observations reinforce the argument made earlier that BMI alone cannot credibly provide indications about injury occurrence. Furthermore, most military establishments demand specific entrance 8 guidelines for body mass and height which inevitably affect the range of BMI values and possibly limit their predictive ability.
Although we are reporting anthropometric predictors of the development of musculoskeletal injuries, several caveats should be considered when interpreting these results. First, there were very few consistent predictors identified in this study. Many of the predictors appeared to be specific to the outcome measure.
Secondly, we identified those predictors that were statistically significant (p values from 0.001 to 0.03), but the magnitude of these predictors was often low. Considering that a perfect diagnostic test has an AUC 1.0 whereas a non useful test has an area 0.5 or less, the present AUC values despite reaching significance (AUC values from 0.60 to 0.63), represent a ''sufficient'' diagnostic accuracy [40] . This could likely be a function of the high statistical power that accompanies a large sample.
Regarding the second purpose, the present data indicated that the cut-off points found to classify individuals as injured were for BFP >22, for FMI >6.5 and for FFMI ≤16.5. These values are considered optimal based on injury prevalence; however they were substantially different from those characterized by the maximum values in sensitivity and specificity (>13.7, >3.5 and ≤22.6 respectively). It is worth mentioning that when comparing the performances of different diagnostic tests, one may be interested in only a small portion of the ROC curve and comparing the AUCs and the overall diagnostic performance may be misleading [41] . In our case, it is essential to detect the high-risk group (injured), in such a way as to provide good sensitivity. It has been reported [3] that undetected-unreported musculoskeletal injuries in military groups often lead to repeated injuries with continuation of the training program. Therefore, the cut off range should be also chosen according to the above aim, even if the false positive rate is high (the proportion of incorrectly classified as injured, persons who are not injured). The reason is that high rates of false negative test results (the proportion of incorrectly classified as non-injured, persons who are injured) may have serious consequences on military training such as significant disability and prolonged rehabilitation periods. Alternatively, if a recruit incorrectly is classified as injured (low specificity) his health status will not be affected, except his physical conditioning which will be reduced due to detraining. Thus, in a military setting, it is preferable to use the cut-off points related to a high sensitivity value (e.g. 80; in this study), which are for BFP >9 (26.2 specificity), for FMI >2.2 (28.6 specificity) and for FFMI ≤16.5 (40 specificity).
There were some limitations with respect to data collection in this study. It has been reported [27] that the interaction between BMI and fitness level can increase the injury risk and can be proved more important than body composition status alone. Thus, it would have been useful if this study had gathered body composition and physical fitness data pre and post BCT in order to evaluate their relationship with injury incidence. However, the outcome of entry physical fitness testing was ''pass or fail''. Therefore, no data were registered during that procedure. Another shortcoming of this study was the narrow age range (19-22 years old), included within analyses which compromises the application of the thresholds to a wider age range in military. However, BMI and fat mass after the third and fourth decade of military service are significantly affected by a combination of advancing age and a reduction of occupational physical activity due to requirement of personnel to undertake sedentary managerial tasks [42] . Possibly, the use of a wider age range in the present study would have possibly compromised the relationships of body composition indices with injury occurrence. Therefore, there is value in applying the present thresholds to Military Academies due to the absence of cut-off points calculated specifically for active young military populations within the mentioned age range.
It is clear from the assembled data that single modality approaches are not likely to be effective in predicting musculoskeletal injuries. A recommendation from the present study is that musculoskeletal injury prognostic strategies based on body composition indices will likely have to be contextual in nature, such that effective prediction for a military may differ from one for a civilian population.
Conclusion
The present study suggests that the diagnostic ability of BMI towards musculoskeletal injury detection is poor, whilst high BFP, BFI and FFMI values are more sensitive indicators in military populations although their predictive power based on our data is restricted. The major strength of this study is the potential utility of the cutoff points for use in field settings by military instructors. As body composition measurements are simple and low cost methods of assessing predisposition to injury, their use is highly recommended for populations consisting of military recruits, while using the present body composition thresholds can allow risk stratification and effective identification of individuals in need of medical treatment and rehabilitation. The use of the ROC generated cutoff points (preferably those characterized by high sensitivity) in practice by military professionals (medical officers, exercise physiologists) may ensure that recruits can be referred onto intervention services effectively using these simple, low cost body composition assessments periodically, throughout military training.
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